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Abstract. The accumulation of Organic Fraction of Municipal Solid Waste (OFMSW) in landfills not only 
pose threat to the environment, it may also lead to potential health hazards. Anaerobic digestion stands a very 
good chance to mitigate this waste accumulation in landfills and has potential to create green jobs. BMP has 
been widely studied in anaerobic digestion for the production of sustainable energy. Bioprocess control 
Automatic Methane Potential Test System (AMPTS) II machine was used to set up the assays and run the 
tests. OFMSW was observed to have a low pH which affects the production process and biogas yield. Buffer 
solutions that were used in this study were calcium carbonate (CaCO3) and sodium hydroxide (NaOH). It was 
observed that CaCO3 not only stabilizes the pH but it also gives nutrients to the microbes and thus results in 
higher biogas yields. Inoculation also helped in stabilizing the process and improved the yield. The digester 
with CaCO3 resulted in a higher methane yield than the others. Though CaCO3 gave good results its use was 
discontinued as it has a negative impact on the environment. The BMP of OFMSW was found to be 200 ml 
CH4 / g VS. The methane content was found to be on average 58%.  
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1. Introduction  
Due to population growth and urbanization, waste accumulation in landfills is increasing. It is estimated 
that by 2025 two-thirds of the people will be living in the cities [1]. In a study conducted by Troschinetz and 
Milhelcic, 2009 [1] they found that on average the amount of municipal solid waste generated by one person 
per day is approximately 0.77 kg. This leads to high accumulation of the waste in landfills which is a 
challenge as it contributes to air pollution and can lead to health threats. Hence technologies have been 
developed to solve this problem; composting, incineration, and recycling [2], [3]. All the above methods are 
good waste management techniques but they also have limitations. It was found that over 55% of the waste 
in developing countries is made up of organic material [3].  
Development of clean, sustainable and renewable energy is one of the strategies for environmental 
protection and national security. This is a result of increasing concerns in environmental pollution and global 
energy crisis. An approach for synthesis of a renewable energy source as an alternative to non-renewable 
energy source has been evaluated, whereby energy is produced from biogas through an anaerobic 
decomposition process [4]. Biogas from the anaerobic digestion has multiple benefits, which include 
reduction of the discharge of house refuses, city sludge, and other wastes, plays a positive role in the 
reduction of severe greenhouse effect, production of fertilizer from the digestate, and production of energy 
for different applications. Biogas is a renewable fuel that is 60-70% methane, and a trace of contaminant 
gases such as carbon dioxide, hydrogen sulphide and can be used to power household appliances and 
generate electricity using appropriate technologies; it is produced from anaerobic biodegradation of biomass 
in the absence of oxygen and the presence of anaerobic microorganisms [4]. 
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Most power demand is in the southern parts of the country; making living expenses very high as many 
equipment and gadgets require energy to operate, for instance the cost of fuel used in transportation is 
becoming higher and higher [5]. Fuel synthesis concepts of using renewable energy source should be 
thoroughly looked at, as it offset the use of non- renewable sources of energy such as coal, natural gas and 
petroleum; in doing so, job opportunities would be created as more biogas plants and stations would be built, 
greenhouse gas emissions will be reduced, means of transportation would be cheaper because fuel would be 
produced at the cheaper price and accumulation of waste would be minimized because biogas would be 
produced from waste material [6]. 
Biogas is produced by the biodegradation of organic matter through anaerobic digestion. It is aided by 
bacteria called methanogens and this bacteria are sensitive to change in operating parameters. There are four 
main stages in biogas production, hydrolysis which is the rate limiting stage, acidogenesis where organic 
acids are formed, acetogenesis in which the acetogenic bacteria forms acetate, hydrogen and carbon dioxide, 
and methanogenesis which is the final stage where methane is formed [7]-[9]. The factors that normally 
affect this process are: temperature, pH, surface area, retention time, volatile fatty acids, and nutrients, C: N 
ratio and pressure [4], [10]-[13]. This research focuses on the biochemical methane potential of OFMSW 
from the Robinson Deep landfill. 
2. Materials and Methods 
The biochemical methane potential tests were carried out to determine the potential of the (organic 
fraction of municipal solid waste) OFSMW from the Robinson Deep Landfill. 
2.1. Materials 
The materials used were OFSMW from City of Johannesburg Robinson Deep landfill, cow dung to 
provide the necessary bacteria for the digestion process. The following chemicals were used to adjust the pH 
since they were mostly acidic to a range of 6.5-7.5, Sodium Hydroxide (NaOH) and calcium carbonate 
(CaCO3). Deionized water (H2O) was used to prepare the solutions and also for the equipment (water bath 
and flow cell). Nitrogen (N2) gas is used to purge the entire system, allowing for an anaerobic environment.  
2.2. Experimental methods 
The biochemical methane potential tests were carried out using bioprocess control AMPTS II. The 
machine is made up of 3 components (i) biogas producing unit, (ii) CO2 fixing unit, and (iii) gas collecting 
unit. It’s a batch system which is set up and led to run until digestion is complete. OFMSW samples 
collected from the landfill were used as substrate. A 500 ml digester, with effective volume of 400 ml, was 
used for biogas production which had head space of 150 ml. the temperature of the process was kept constant 
at mesophilic temperature of 37 °C. 
Sodium hydroxide, obtained from Sigma-Aldrich (South Africa), was used for CO2 removal. A 3M 
NaOH solution was prepared to be used as the scrubbing solution to absorb the impurities. A pH indicator 
solution was added to determine the saturation point for the cleaning solution for replacement. The substrate 
as obtained from the site was made up of different type of wastes in different sizes. A household blender was 
used to homogenize the feedstock which was then prepared and fed into the digester. A pH test was done 
after the substrate was inoculated using cow dung to adjust it to the optimum of 6.5-7.5. Nitrogen gas was 
used to purge the system by removing the oxygen and creating an anaerobic condition. The digester was 
connected to a 100ml bottle (used as scrubber) filled with 80 ml of the 3M NaOH solution. The gas exiting 
the CO2 fixing unit was sent to the flow cell (gas collection) where the volume of biomethane is determined 
as shown in Fig. 1. The gas produced was analyzed using the gas chromatograph machine to determine the 
composition of the biogas. 
  
 
Fig. 1: Bioprocess AMPTS II experimental setup for BMP analysis 
3. Results and Discussion 
The biochemical methane potential of OFSMW from the Robinson Deep Landfill was studied and the 
results that were obtained are discussed below. The initial pH of the feedstock was low during the 
preparation of the feed and thus buffer solutions were used to increase the pH to 6.5-7.5. The observation 
from the assays was that the digester which used CaCO3 as a buffer resulted in higher yields of methane 
4431 Nml/g VS as depicted in Fig. 2. It yielded more CH4 than the other digesters that were inoculated with 
cow dung and no inoculum respectively. CaCO3 as used in the study not only stabilizes the pH and keep it 
within the optimum range, it also plays a role in providing nutrients for the micro-organisms. Ca+ ions 
present in the digester means that the microbes are excited and their performance in the process is high [7].  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Cumulative methane yield from the different digesters 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Effect of inoculation on biogas production  
The BMP for the OFSMW was determined to be on average 200 ml CH4 /g VS added and this results are 
in agreement to the results obtained by [14]-[18]. The digester that had no inoculum stopped producing 
earlier than the other digesters which might be due to the accumulation of VFA in the system and pH 
degradation during the process as these are some of the process inhibitors. The inoculated digesters ran 
longer as the cow dung didn’t only maintain an optimum pH range also provided the necessary bacteria for 
the digestion. From the results CaCO3 buffered digester produced more methane. However due to the 
negative impact of CaCO3 on growth of plant as it has been reported to reduce water permeation into the soil 
hence retarding growth of plants, and thus its use is not advised. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Gas production rate 
The rate of daily methane production was studied and depicted in Fig. 4. The digesters with calcium 
carbonate had a higher production rate as compared to all the other digesters and this results from the micro-
organisms boost by the salt as nutrient. The rate of methane production can be affected by factors including, 
microbial activity inside the digester, the surface area or micro-organisms to substrate ratio, the pH in the 
digester at any given time, and solid retention time [19]. The effective production days were 1-3 days for the 
inoculated and non-inoculated digesters, and 1-4 days for the CaCO3 buffered digester.  
  
Fig. 5: Biogas composition for the digesters 
 
The composition of the biogas was tested using Gas Chromatography to determine mainly methane and 
carbon dioxide. Fig. 5 shows the compositions of the different digesters. The digester without inoculum (1) 
yielded less methane which could have resulted from the availability of microbes as it was not initially 
seeded with bacteria. The inoculated digesters (2, 3) showed similar trends because the inoculum provided 
the necessary bacteria for the digestion and then methane content was increased. CaCO3 not only buffers the 
solution, it also provides nutrients to the microbes which result in high methane yields as shown in Fig. 5 (4).  
4. Conclusions 
The biochemical methane potential of OFMSW from the Robinson Deep landfill was investigated using 
Bioprocess AMPTS II. Calcium carbonate is a good buffer for the process and as nutrients to the microbes 
but has a negative impact on vegetation as a result it’s not advisable to use it. The BMP for OFMSW from 
the Robinson Deep landfill was determined to be on average 200 ml CH4 /g VS added, which can be 
improved with altering the operating parameters and via co-digestion. The ratio of the feed to inoculum can 
also be investigated in order to optimize the production process. The methane content was found to be 58% 
on average. Therefore, OFMSW has potential to produce biomethane which can be used as energy and can 
ease the dependence on fossil fuel derived energy. 
5. Acknowledgements 
The authors acknowledge the South African National Energy Development Institute (SANEDI), 
University of Johannesburg’s Global Excellence Scholarship (GES), City of Johannesburg (CoJ), University 
of Johannesburg’s Process Energy and Environmental Technology Station (PEETS). Botswana International 
University of Science and Technology and the UJ Bioenergy research team for supporting this research. 
6. References 
[1] A. M. Troschinetz and J. R. Milhelcic, "Sustainable recycling of municipal solid waste in developing 
countries," Waste Management vol. 29, pp. 915-923, 2009. 
[2] I. Maile and E. Muzenda, "Production of biogas from different types of substrate under anaerobic condition," 
in International conference on Innovative Engineering Technologies, Bangkok, Thailand, 2014, pp. 78-80. 
[3] N. Khairuddin, L. A. Manaf, M. A. Hassan, N. Halimoon, and W. A. Karim, "Biogas Harvesting from Organic 
Fraction of Municipal Solid Waste as a Renewable Energy Resource in Malaysia: A Review," Pol. J. Environ. 
Stud. , vol. 24, pp. 1477-1490, 2015. 
[4] M. Hamed, E. Mashad, and Z. Ruihong, "Biogas production from co-digestion of dairy manure and food 
waste," Bioresource Technology, vol. 101, pp. 4021-4028, 2010. 
[5] F. Osorio and J. C. Torres, "Biogas purification from anaerobic digestion in a wastewater treatment plant for 
biofuel production," Renewable Energy, vol. 34, pp. 2164-2171, 2009. 
  
[6] G. Lastella, C. Testa, G. Cornacchia, M. Notornicola, F. Voltasio, and V. K. Sharma, "Anaerobic digestion of 
semi-solid organic waste: biogas production and its purification," Energy Conversion and Management, vol. 
43, pp. 63-75, 2002. 
[7] W. Parawira, "Anaerobic treatment of agricultural residues and wastewater," Department of Biotechnology, 
Lund University, 2004. 
[8] S. M. Dangaggo, M. Aliya, and A. T. Atiku, "The effect of seeding with bacteria on biogas production rate," 
Renew.Energy––An Int. J., vol. 9, pp. 1045-1048, 1996. 
[9] L. Appels, J. Baeyens, J. Degreve, and R. Dewil, "Principles and potential of the anaerobic digestion of waste-
activated sludge," Progress in Energy and Combustion Science vol. 34, pp. 755-781, 2008. 
[10] W. Yuanyuan, Z. Yanlin, W. Jianbo, and M. Liang, "Effects of volatile fatty acid concentrations on methane 
yield and methanogenic bacteria," Biomass and bioenergy, vol. 33, pp. 848-853, 2009. 
[11] Yadvika, Santosh, T. R. Sreekrishman, S. Kohli, and V. Rana, "Enhancement of biogas production from solid 
substrates using different techniques-a review," Bioresource Technology, vol. 95, pp. 1-10, 2004. 
[12] I. C. Clark, R. H. Zhang, and S. K. Upadhyaya, "The effect of low pressure and mixing on biological hydrogen 
production via anaerobic fermentation," International Journal of Hydrogen Energy vol. 37, pp. 11504-11513, 
2013. 
[13] N. Bardiya and A. C. Gaur, " Effects of carbon and nitrogen ratio on rice straw biomethanation," J.Rural 
Energy, vol. 4, pp. 1-16, 1997. 
[14] A. Nopharatana, P. C. Pullammanappallil, and W. P. Clarke, "Kinetics and dynamicmodelling of batch 
anaerobic digestion of municipal solid waste in a stirred reactor," Waste Management vol. 27, pp. 595-603, 
2007. 
[15] R. J. Kelly, B. D. Shearer, J. Kim, C. D. Goldsmith, G. R. Hater, and J. T. Novak, "Relationships between 
analytical methods utilized as tools in the evaluation of landfill waste stability," Waste Management vol. 26, pp. 
1349-1359, 2006. 
[16] J. Guendouz, P. Buffière, J. Cacho, M. Carrère, and J. P. Delgenes, "Dry anaerobic digestion in batch mode: 
design and operation of a laboratory-scale, completely mixed reactor," Waste Management vol. 30, pp. 1768-
1771, 2010. 
[17] T. Forster-Carneiro, M. Pérez, L. I. Romero, and D. Sales, "Dry-thermophilic anaerobic digestion of organic 
fraction of the municipal solid waste: focusing on the inoculum sources," Bioresource Technology vol. 98, pp. 
3195-3203, 2007. 
[18] D. P. Chynoweth, C. E. Turick, J. M. Owens, D. E. Jerger, and M. W. Peck, "Biochemical methane potential of 
biomass and waste feedstocks " Biomass and Bioenergy, vol. 5, pp. 95-111, 1993. 
[19] F. Raposo, V. Fern´andez-Cegr, M. A. De la Rubia, R. Borja, F. B´ eline, C. Cavinato, et al., 
"Biochemicalmethane potential (BMP) of solid organic substrates: evaluation of anaerobic biodegradability 
using data from an international interlaboratory study," J Chem Technol Biotechnol vol. 86, pp. 1088-1098, 
2011. 
 
